The adsorption of ionic liquids onto Amberlite IR 120Na resin was found to be pseudo-second-order adsorption. The regeneration tests showed stable performance of ion-exchange resins over three adsorption-desorption cycles.
Introduction
Ionic liquids (ILs) are a kind of organic salt with low melting points (mainly <100 • C). Generally, the ILs are composed of organic cations and organic/inorganic anions. In the past few years, ILs have Table 2 . Physical and chemical properties of ionic liquids used in this study.
Ionic Liquids 1-Butyl-3-Methylimidazolium Tetrafluororate

1-Ethyl-3-Methylimidazolium Tetrafluororate
Molecular structure 
Ionic Liquid Solution Samples
The ionic liquid samples were prepared in two different ways: the real washing samples and the model samples. The real washing samples were obtained by washing the residual solids after the hybrid extraction of oil sands. The detailed hybrid extraction of oil sands by ionic liquids (i.e., [Bmim] [BF4] and [Emim] [BF4]) and solvent is given in our previous study [6] . The residual sands were firstly transferred to a sand core funnel (G4). Then the water was added to a funnel for four times, with a certain volume of 20 mL for each time. The residual sands were filtered under vacuum after each time of addition of water. The ILs were removed to the solution from the residual sands. When the filtration was finished, the residual sands were dried in an oven for 4 h at 105 °C and reserved for further analysis.
To quantitatively investigate the adsorption behaviors of ionic liquids onto the resins, model ionic liquids solution samples were prepared based on the real washing samples. ILs were transferred to a volumetric flask and diluted to 1000 mL with DI water.
Adsorption of ILs onto Ion-Exchange Resins
The ion-exchange resin (Amberlite IR 120Na) was used to remove ILs from the solution by batch adsorption. During the adsorption process, the adsorbate ions transfer from the bulk liquid phase to a porous adsorbent in three consecutive steps: (i) mass transfer of the adsorbate ions through the boundary layer film of liquid to the external surface of adsorbent (film diffusion); (ii) diffusion of the adsorbate ions within the liquid-filled pores of adsorbent (intraparticle diffusion); (iii) adsorption of the adsorbate ions through ion exchange on the internal or external surface of the adsorbent [29] . The ion exchange process is illustrated in Figure 1 . The matrix of the ion-exchange resin is the styrene divinylbenzene copolymer, where styrene is the monomer and divinylbenzene is the crosslinking agent. The functional group of the resin is sulfonic acid. When ion-exchange resin is introduced to ILs solution, H + of the sulfonic acid has been exchanged with the cationic part (represented by A + ) of ILs, thus allowing the adsorption of IL cations onto the ion-exchange resin. Simultaneously, the H + ions are released from the resin and transferred into the bulk aqueous solution. The adsorption process can be expressed by Equation (1) 
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Adsorption of ILs onto Ion-Exchange Resins
The ion-exchange resin (Amberlite IR 120Na) was used to remove ILs from the solution by batch adsorption. During the adsorption process, the adsorbate ions transfer from the bulk liquid phase to a porous adsorbent in three consecutive steps: (i) mass transfer of the adsorbate ions through the boundary layer film of liquid to the external surface of adsorbent (film diffusion); (ii) diffusion of the adsorbate ions within the liquid-filled pores of adsorbent (intraparticle diffusion); (iii) adsorption of the adsorbate ions through ion exchange on the internal or external surface of the adsorbent [29] . The ion exchange process is illustrated in Figure 1 . The matrix of the ion-exchange resin is the styrene divinylbenzene copolymer, where styrene is the monomer and divinylbenzene is the crosslinking agent. The functional group of the resin is sulfonic acid. When ion-exchange resin is introduced to ILs solution, H + of the sulfonic acid has been exchanged with the cationic part (represented by A + ) of ILs, thus allowing the adsorption of IL cations onto the ion-exchange resin. Simultaneously, the H + ions are released from the resin and transferred into the bulk aqueous solution. The adsorption process can be expressed by Equation (1) Before the adsorption, the ion-exchange resin was pretreated by being immersed in NaCl aqueous solution (15 wt%) for 12 h. This treatment avoids the breaking of resin caused by water uptake. After the salt pretreatment, the resin was further soaked in diluted HCl aqueous solution (5 wt%) for 4 h to transform the ionic form from Na + to H + . Subsequently, the resin was washed by DI water until the pH of the water was about 7.
The pretreated ion-exchange resins were added into glass conical flasks (250 mL) containing ILs solution (150 mL). The mixture was stirred at 250 rpm under ambient conditions (20 °C) for 30 min in a temperature-controlled water bath to allow the adsorption to reach the equilibrium state. Subsequently, the resins were separated from the solution by filtration. The concentration of the residual ILs in filtrate was determined using ultraviolet-visible (UV-vis) spectrophotometry. The influences of operation parameters such as resin dose, temperature, and contact time were investigated to optimize the adsorption process. The isotherms and kinetics of ILs adsorption onto the resins were also obtained at optimized conditions. The natural oil sands are always entrained with different chemicals, such as SiO2, kaolinite, CaCl2, and NaCl. During the extraction of oil sands, especially when the water is involved, these chemicals could be dissolved or dispersed into the solution. However, there is no information being published to give the effects of these materials on the adsorption of ionic liquids by the resins. Herein, the effects of these background chemicals in aqueous solution on adsorption of ILs have been investigated.
The adsorption amount of resin q (mg/g) and adsorption ratio A (%) of ILs were obtained according to Equations (2) and (3) [24, 30] :
where C0 and C are the concentrations of ILs in the solution before and after the adsorption, respectively, mg/L; V stands for the volume of the solution, L; m represents the weight of the ionexchange resin, g.
Regeneration and Reusing of Resins
The acid solution was used to regenerate the ion-exchange resin. When the ILs-loaded ionexchange resin comes in contact with acid solution of high concentration, the adsorbed cation of IL will be replaced by the H + in solution (Equation (4)). The cations will transport through the pores and Before the adsorption, the ion-exchange resin was pretreated by being immersed in NaCl aqueous solution (15 wt%) for 12 h. This treatment avoids the breaking of resin caused by water uptake. After the salt pretreatment, the resin was further soaked in diluted HCl aqueous solution (5 wt%) for 4 h to transform the ionic form from Na + to H + . Subsequently, the resin was washed by DI water until the pH of the water was about 7.
The pretreated ion-exchange resins were added into glass conical flasks (250 mL) containing ILs solution (150 mL). The mixture was stirred at 250 rpm under ambient conditions (20 • C) for 30 min in a temperature-controlled water bath to allow the adsorption to reach the equilibrium state. Subsequently, the resins were separated from the solution by filtration. The concentration of the residual ILs in filtrate was determined using ultraviolet-visible (UV-vis) spectrophotometry. The influences of operation parameters such as resin dose, temperature, and contact time were investigated to optimize the adsorption process. The isotherms and kinetics of ILs adsorption onto the resins were also obtained at optimized conditions. The natural oil sands are always entrained with different chemicals, such as SiO 2 , kaolinite, CaCl 2 , and NaCl. During the extraction of oil sands, especially when the water is involved, these chemicals could be dissolved or dispersed into the solution. However, there is no information being published to give the effects of these materials on the adsorption of ionic liquids by the resins. Herein, the effects of these background chemicals in aqueous solution on adsorption of ILs have been investigated.
where C 0 and C are the concentrations of ILs in the solution before and after the adsorption, respectively, mg/L; V stands for the volume of the solution, L; m represents the weight of the ion-exchange resin, g.
The acid solution was used to regenerate the ion-exchange resin. When the ILs-loaded ion-exchange resin comes in contact with acid solution of high concentration, the adsorbed cation of IL will be replaced by the H + in solution (Equation (4)). The cations will transport through the pores and the boundary layer film of the resin. Consequently, the cations are transferred into the new solution. The ion-exchange resin is simultaneously regenerated and transformed to its original acidic form.
In regeneration experiments, the HCl solutions (30 mL) of 15 wt% were added into a flask with ILs-loaded ion-exchange resin. The mixture of resins and HCl solutions were stirred at 250 rpm under water bath of 60 • C for 30 min. Subsequently, the regenerated ion-exchange resins were separated from solutions through filtration and reused for the adsorption of fresh ILs solutions. The whole procedures for the removal of ILs from residual sands are shown in Figure 2 .
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Instrumental Analysis
The elemental compositions of residual sands after water washing were analyzed by the PHILIPS XL30 environmental scanning electron microscopy (ESEM) with an energy disperse spectroscopy (EDS) detector.
The remaining ILs in residual sands and ion-exchange resins were characterized using a Bruker Tensor 27 Fourier transform infrared spectrometer (FTIR). Samples of residual sands were prepared by the pressed disk method. Spectroscopy of the ion-exchange resins was obtained by applying the diamond lens Attenuated Total Reflectance (ATR) module. Pure ionic liquid was characterized through liquid film method.
Concentrations of ILs in filtrate after adsorption were determined by using the Puxi TU-1901 UV-vis spectrophotometer. To obtain the calibration curve for quantitative computation, IL solutions with different concentrations (5~40 mg/L) were measured to obtain the calibration curve. The DI water was used as the reference solution. The 211 nm was determined to be the working wavelength based on the full-wave scanning. Finally, the calibration curve was used to calculate the ILs' concentration based on the absorbance of ILs solution [9] .
Results and Discussion
Effect of Washing Times
The results of ESEM-EDS are shown in Table 3 . A small amount of fluorine was detected in the residual sands after twice washing. This means that there still remained ILs in the residual sands. However, the fluorine was not detected in residual sands after washing for 3 or 4 times, suggesting no ILs anions were left in the residual solids. Figure 3 presents the results of infrared spectrum of the residual sands with different washing times after [Bmim] [BF4]-enhanced oil sands extraction. The residual sands without water washing displayed a peak at 1550~1600 cm −1 , which is the characteristic peak of the in-plane C-C of the imidazole ring. This proved the remaining of ILs cations in the 
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Effect of Operation Parameters on ILs Adsorption
The resin dose is an important parameter to obtain the quantitative uptake of IL. Figure 4a shows the adsorption of [Bmim] [BF4] and [Emim] [BF4] as a function of the resin dose. It was indicated that the adsorption ratio of two ILs increased up to an optimum dosage (10 g), beyond which the removal efficiency (>90% for both ILs) did not significantly change. This is anticipated for a fixed initial IL concentration, because a higher amount of adsorbents provides more available exchangeable sites (or higher surface area) for the ions [31] . The maximum adsorption ratios were determined to be 95% and 90% for [Bmim] [BF4] and [Emim] [BF4], respectively, when the resin dosage was above 10 g. This resin dose was obtained as the optimal dosage for both ILs. 
The resin dose is an important parameter to obtain the quantitative uptake of IL. Figure 4a 4 ] as a function of the resin dose. It was indicated that the adsorption ratio of two ILs increased up to an optimum dosage (10 g), beyond which the removal efficiency (>90% for both ILs) did not significantly change. This is anticipated for a fixed initial IL concentration, because a higher amount of adsorbents provides more available exchangeable sites (or higher surface area) for the ions [31] . The maximum adsorption ratios were determined to be 95% and 90% for [ 4 ], respectively, when the resin dosage was above 10 g. This resin dose was obtained as the optimal dosage for both ILs. [27] . This is different from those of some metal ions (e.g., Cu 2+ , Zn 2+ , Ni 2+ , Pb 2+ , and Cd 2+ ) onto the resins (Dowex 50W [32] , Amberlite IR 120Na [33] ). The adsorption of these divalent metal ions was found to be an endothermic ion exchange process, which could be facilitated by increasing the temperature. However, herein, increasing the temperature played little role in the adsorption of ionic liquids by the resins, indicating the adsorption process of ionic liquids onto the resins would be an exothermic process [27] .
The influence of contact time on the adsorption of two ILs is depicted in Figure 4c . At initial stages, the uptake of ILs was rapid. This is because all the resin sites are vacant at the beginning, hence the extent of adsorption is high [34] . Subsequently, due to the decrease in the number of adsorption sites as well as ILs concentration, the adsorption rate of ions on the resins became slow. After 30 min, no remarkable adsorption was observed for the two ILs, indicating the adsorption equilibrium was reached in 30 min. More than 95% of [Bmim] [BF4] and 90% of [Emim] [BF4] were adsorbed onto the resins when the equilibrium was attained.
Adsorption Isotherms
The adsorption isotherms can provide the adsorbate molecules distribution between the solid and liquid phases when the adsorption process reaches the equilibrium state. Herein, the Langmuir, Freundlich, and Sips models were used to analyze the equilibrium data obtained from ILs adsorption. The parameters, along with a correlation coefficient (R 2 ) of three isotherms, are given in Table 4 . The fitting results are presented in Figure 5 . The three adsorption models are given as Equations (5)- (7), respectively:
where qe is the equilibrium adsorption capacity, mg/g; Ce denotes the equilibrium concentration of ILs in solution, mg/L; qm stands for the maximum adsorption capacity, mg/g; KL is the Langmuir constant related to the affinity between the adsorbent and adsorbate, L/mg; KF refers to the Freundlich constants correlated with the adsorption capacity for a unit equilibrium concentration, and 1/n is the The effect of temperature on the adsorption of ILs onto resins is shown in Figure 4b . [27] . This is different from those of some metal ions (e.g., Cu 2+ , Zn 2+ , Ni 2+ , Pb 2+ , and Cd 2+ ) onto the resins (Dowex 50W [32] , Amberlite IR 120Na [33] ). The adsorption of these divalent metal ions was found to be an endothermic ion exchange process, which could be facilitated by increasing the temperature. However, herein, increasing the temperature played little role in the adsorption of ionic liquids by the resins, indicating the adsorption process of ionic liquids onto the resins would be an exothermic process [27] .
The influence of contact time on the adsorption of two ILs is depicted in Figure 4c . At initial stages, the uptake of ILs was rapid. This is because all the resin sites are vacant at the beginning, hence the extent of adsorption is high [34] . Subsequently, due to the decrease in the number of adsorption sites as well as ILs concentration, the adsorption rate of ions on the resins became slow. After 30 min, no remarkable adsorption was observed for the two ILs, indicating the adsorption equilibrium was reached in 30 4 ] were adsorbed onto the resins when the equilibrium was attained.
where q e is the equilibrium adsorption capacity, mg/g; C e denotes the equilibrium concentration of ILs in solution, mg/L; q m stands for the maximum adsorption capacity, mg/g; K L is the Langmuir constant related to the affinity between the adsorbent and adsorbate, L/mg; K F refers to the Freundlich constants correlated with the adsorption capacity for a unit equilibrium concentration, and 1/n is the heterogeneity factor; K S represents the Sips constant relating to the median binding affinity; 1/p stands for the heterogeneity factor varied from 0 to 1. The Langmuir equation assumes homogeneous and monolayer adsorption, with no lateral interaction and steric hindrance between the adsorbed molecules [35] . The essential features and feasibility of the Langmuir model can be expressed by a dimensionless constant commonly known as separation factor [29] , which is used to predict if an adsorption system is "favorable" or "unfavorable" (Equation (8)):
where RL represents the separation factor; C0 refers to the lowest initial concentration of ILs, mg/L. The value of RL indicates the shape of isotherm to be either unfavorable (RL > 1) or linear (RL = 1) or favorable (0 < RL < 1) or irreversible (RL = 0). From . Values of RL were in range of 0 and 1 for two ILs, indicating that the ion-exchange resin is favorable for adsorption of two ILs under the conditions studied. The Freundlich model can be applied to multilayer adsorption of adsorbate onto heterogeneous surface. It assumes that: (i) the heat of adsorption decreases with the increase of surface coverage of adsorbent; (ii) the binding sites on the surface have different adsorption energies [36] . As presented in Table 4 , the KF for [Bmim][BF4] was higher than that for [Emim] [BF4]. This is in line with the results obtained from the Langmuir model, suggesting that the uptake is higher for IL with longer alkyl chain length of the imidazolium cation. Similar behavior was observed in the adsorption of ILs onto other adsorbents, such as activated carbons and soils [37, 38] . The enhanced adsorption capacity for IL with longer alkyl chains is mainly attributed to higher van der Waals and polar interactions between the IL and the resins [25] . The Langmuir equation assumes homogeneous and monolayer adsorption, with no lateral interaction and steric hindrance between the adsorbed molecules [35] . The essential features and feasibility of the Langmuir model can be expressed by a dimensionless constant commonly known as separation factor [29] , which is used to predict if an adsorption system is "favorable" or "unfavorable" (Equation (8)):
where R L represents the separation factor; C 0 refers to the lowest initial concentration of ILs, mg/L. The value of R L indicates the shape of isotherm to be either unfavorable ( 4 ]. Values of R L were in range of 0 and 1 for two ILs, indicating that the ion-exchange resin is favorable for adsorption of two ILs under the conditions studied. The Freundlich model can be applied to multilayer adsorption of adsorbate onto heterogeneous surface. It assumes that: (i) the heat of adsorption decreases with the increase of surface coverage of adsorbent; (ii) the binding sites on the surface have different adsorption energies [36] . As presented in 4 ]. This is in line with the results obtained from the Langmuir model, suggesting that the uptake is higher for IL with longer alkyl chain length of the imidazolium cation. Similar behavior was observed in the adsorption of ILs onto other adsorbents, such as activated carbons and soils [37, 38] . The enhanced adsorption capacity for IL with longer alkyl chains is mainly attributed to higher van der Waals and polar interactions between the IL and the resins [25] .
The value of 1/n is indicative of the type of adsorbate-adsorbent system as follows: irreversible (1/n = 0), favorable (0 < 1/n < 1), or unfavorable (1/n > 1 4 ], the values of 1/n were 0.300 and 0.341, respectively, further proving that two ILs are adsorbed favorably by the ion-exchange resin during this study.
The Sips model is a composite of the Langmuir and Freundlich models with three parameters [39] . It can be employed to predict the heterogeneous adsorption systems and circumvent the limitation of the rising adsorbate concentration associated with the Freundlich isotherm [35] . For a homogeneous surface, 1/p is equal to 1, while when 1/n is between 0 and 1, this suggests the surface of adsorbent is heterogeneous [40] . It can be seen from Table 4 that the Sips model (with R 2 reaching 0.99) reproduced the adsorption experimental data better than the Langmuir and Freundlich models, which could also be demonstrated graphically in Figure 5 . 4 ] onto the resins is probably controlled by a heterogeneous process [41] .
Adsorption Kinetics
Besides adsorption equilibrium, the adsorption kinetics is another important aspect for parameter evaluation of the adsorption process, which is used to describe the solute uptake rate. Herein, the experimental data were analyzed by the pseudo-first-and the pseudo-second-order kinetic models. The nonlinear form is considered a better way to obtain the kinetic parameters [42] , shown as Equations (9) and (10):
where q t denotes the amount of ILs adsorbed on the resins at any time, mg/g; q e is the equilibrium adsorption capacity, mg/g; k 1 represents the pseudo-first-order rate constant, min −1 ; t refers to the contact time, min; k 2 stands for the pseudo-second-order rate constant, g/(mg·min); h = k 2 q e 2 is defined as the initial adsorption rate constant. The fitting parameters are summarized in Table 5 , including uptakes of ILs at equilibrium state, adsorption rate constants, and correlation coefficients for the pseudo-first-and pseudo-second-order models. By comparing the values of R 2 , it could be found that the pseudo-second-order model provided a better fit for two ILs' adsorption. The initial sorption rate, h, followed the order of 4 ], which was in accordance with the affinity order observed in the equilibrium isotherm experiments [43] . In addition, Figure 6 shows the adsorbed amount of ILs as a function of contact time. The uptake of ILs increased quickly to over 70% of equilibrium adsorption capacity within 1 min. These findings suggested that the adsorption of ionic liquids on the resin is a fast process. It also indicated that the rate-determining step may be a chemical adsorption involving valence forces through exchanging of electrons between ILs cation and the resin [42] . 
Effect of Background Chemicals on ILs Adsorption
Actually, some chemicals or minerals of residual sands may enter the aqueous solution together with ILs in the washing process. Thus, it is necessary to investigate the effect of these chemicals or minerals on the adsorption process.
Effect of Silica and Kaolinite
The silica (SiO2) and some clays, such as kaolinite (Al4[Si4O10](OH)8), illite (K1-1.5Al4[Si7-6.5Al1- 1 .5O20](OH)4), montmorillonite ((0.5Ca Na)0.7(Al Mg Fe)4[(Si Al)8O20]n H2O), and so forth, are common minerals in the unconventional oil ores [44, 45] . As demonstrated in Figure 7a ,b, the addition of SiO2 and kaolinite exerted slight effect on the adsorption ratio of [Bmim] [BF4]. It implied that the entrance of a small amount of SiO2 and kaolinite into the aqueous solution during the washing process would not influence the adsorption. The insignificant adsorption capacity of SiO2 for ILs is mainly attributed to the relatively hydrophilic surfaces of minerals. The kaolinite is a layered aluminosilicate with 1:1 dioctahedral layered structure. Each layer consists of a sheet of SiO4 tetrahedra connected via common oxygen atoms to a sheet of AlO6 octahedra. The 1:1 layer cannot expand due to the hydrogen bonds between the two sheets [46] . As a result, the kaolinite exhibited a low adsorption potential for ILs. 
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Effect of Silica and Kaolinite
Effect of Ionic Strength
In practice, some natural ions are also involved during the washing step after the extraction of oil sands. Figure 8 shows 4 ] adsorption than that of monovalent Na + . This is mostly attributed to the stronger electrostatic attraction to ion-exchange resins. Thus, the Ca 2+ ions would compete against the [Bmim] cations for binding sites more effectively [47, 48] . In practice, some natural ions are also involved during the washing step after the extraction of oil sands. Figure 8 shows the effects of CaCl2 and NaCl on [Bmim] [BF4] adsorption onto the resins. It was observed that the adsorption ratio of [Bmim] [BF4] declined from 95.32% to 88.67% and 79.13%, respectively, when the concentrations of Ca 2+ and Na + increased from 0 to 1000 ppm. The suppressed adsorption would be ascribed to the result of competitive adsorption of coexisting cations with [Bmim] cations. Additionally, the divalent Ca 2+ showed a more noticeable suppression of [Bmim] [BF4] adsorption than that of monovalent Na + . This is mostly attributed to the stronger electrostatic attraction to ion-exchange resins. Thus, the Ca 2+ ions would compete against the [Bmim] cations for binding sites more effectively [47, 48] . 
Recyclability of Ion-Exchange Resins
The regeneration and reuse of saturated adsorbents are crucial for practical application. The effect of reusing times on adsorption performance of ion-exchange resin was investigated in repeated adsorption and desorption experiments. As illustrated in Figure 9 , the adsorption capacity of ionexchange resins slightly decreased after three times of reuse. Nevertheless, the adsorption ratio of [Bmim] [BF4] could remain over 90% after reusing for three times. This implies that the Amberlite IR 120Na can be used as a stable and reusable adsorbent for the adsorption of ILs. 
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The regeneration and reuse of saturated adsorbents are crucial for practical application. The effect of reusing times on adsorption performance of ion-exchange resin was investigated in repeated adsorption and desorption experiments. As illustrated in Figure 9 , the adsorption capacity of ionexchange resins slightly decreased after three times of reuse. Nevertheless, the adsorption ratio of [Bmim] [BF4] could remain over 90% after reusing for three times. This implies that the Amberlite IR 120Na can be used as a stable and reusable adsorbent for the adsorption of ILs. The loss of adsorption capacity is probably due to the fact that some binding sites might lose activity during the adsorption-desorption cycles, which could not allow further adsorption of the solutes [47] . Moreover, the adsorption sites of resins may be incompletely regenerated. These sites are still occupied with [Bmim] cations after regeneration and thus lose the adsorption ability in the next adsorption process. Remaining of ILs on the regenerated resin was evidenced by the FTIR results ( Figure 10 ). The pure [Bmim] [BF 4 ] is characterized by peaks at 1150~1200 cm −1 (in-plane C-N of the imidazole ring), 1550~1600 cm −1 (in-plane C-C of the imidazole ring), 2800~3000 cm −1 (the C-H stretching vibrations of methyl and methylene groups), and 3100~3200 cm −1 (the ring C-H stretching vibrations) [49] . The spectrum of ion-exchange resin showed a broad band located at 3414 cm −1 , which may be associated with the O-H stretching vibration of interlayer water molecules and the H-bonded OH groups [50] . The peak at 1572 cm −1 was not observed for fresh resin while there was a weak transmittance in the spectrum of regenerated resin, indicating the presence of residual [Bmim] cations on the resin after regeneration. The loss of adsorption capacity is probably due to the fact that some binding sites might lose activity during the adsorption-desorption cycles, which could not allow further adsorption of the solutes [47] . Moreover, the adsorption sites of resins may be incompletely regenerated. These sites are still occupied with [Bmim] cations after regeneration and thus lose the adsorption ability in the next adsorption process. Remaining of ILs on the regenerated resin was evidenced by the FTIR results ( Figure 10 ). The pure [Bmim] [BF4] is characterized by peaks at 1150~1200 cm −1 (in-plane C-N of the imidazole ring), 1550~1600 cm −1 (in-plane C-C of the imidazole ring), 2800~3000 cm −1 (the C-H stretching vibrations of methyl and methylene groups), and 3100~3200 cm −1 (the ring C-H stretching vibrations) [49] . The spectrum of ion-exchange resin showed a broad band located at 3414 cm −1 , which may be associated with the O-H stretching vibration of interlayer water molecules and the H-bonded OH groups [50] . The peak at 1572 cm −1 was not observed for fresh resin while there was a weak transmittance in the spectrum of regenerated resin, indicating the presence of residual [Bmim] cations on the resin after regeneration. 
Conclusions
A washing-ion exchange combined method was proposed for the removal of ILs ([Bmim] [BF4] and [Emim] [BF4]) from the residual sands after the ILs-assisted solvent extraction of oil sands. At least 3 times of water washing was required to remove ILs from residual sands to the solution completely. Adsorption of two ILs onto ion-exchange resins was conducted in self-prepared ILs aqueous solution. It was found that over 90% of ionic liquids could be adsorbed by the resins at ambient conditions for 30 min. The adsorption of both ILs on Amberlite IR 120Na resin was found to be rate-controlled and could fit with the Sips isotherm. The increase of ionic strength in solution was evidenced to be deteriorative to the uptake of [Bmim] [BF4], whereas the existence of kaolinite and SiO2 in the solution was proven to exert slight influence on the adsorption capacity of resins. The regeneration tests showed stable performance of ion-exchange resins after being reused for at least three times. 
A washing-ion exchange combined method was proposed for the removal of ILs ([Bmim] [BF 4 ] and [Emim][BF 4 ]) from the residual sands after the ILs-assisted solvent extraction of oil sands. At least 3 times of water washing was required to remove ILs from residual sands to the solution completely. Adsorption of two ILs onto ion-exchange resins was conducted in self-prepared ILs aqueous solution. It was found that over 90% of ionic liquids could be adsorbed by the resins at ambient conditions for 30 min. The adsorption of both ILs on Amberlite IR 120Na resin was found to be rate-controlled and could fit with the Sips isotherm. The increase of ionic strength in solution was evidenced to be deteriorative to the uptake of [Bmim] [BF 4 ], whereas the existence of kaolinite and SiO 2 in the solution was proven to exert slight influence on the adsorption capacity of resins. The regeneration tests showed stable performance of ion-exchange resins after being reused for at least three times. 
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